Three vitrification solutions (VS) namely VS1 (5.5 mol ethylene glycol l\m=-\1and 2.5 mol glycerol l \ m=-\ 1), VS11 (6.0 mol ethylene glycol l \m=-\1and 1.8 mol glycerol l \ m=-\ 1) and VS14 (5.5 mol ethylene glycol l \m=-\1and 1 mol sucrose l \ m=-\ 1) were 
Introduction
The relevance of vitrification to cryopreservation of biological material was first suggested by Luyet (1937) Rail and Fahy (1985) , using a mixture of four cryoprotectants and stepwise exposure of the embryos at a tempera¬ ture of 4°C, showed that mouse embryos could be successfully cryopreserved by vitrification. Scheffen et al (1986) , after tests on combinations of the two cryoprotectants for toxicity and capacity to vitrify, reported a simpler procedure using glycerol and propylene glycol at room temperature. However, this also involved the two-step exposure of embryos to the vitrifying medium. Kasai et al (1990) (Whitten, 1957) . The group of females was exposed to a male separated by a wire grid for 48 h to synchronize their oestrous cycles. After this period each female was placed with one male and the following morning the female mice were examined for copulation plugs. The mice were subjected to a regimen of 14 h light: 10 h dark with the light period extending from 08:00 to 22:00 h. The day copulation was detected was considered as day 1 of pregnancy. One-cell embryos were collected at 18:00-20:00 h on day I; two-cell embryos at 09:00-10:00 h on day 2; four-cell embryos at 05:00 to 06:00 h on day 3; eight-cell embryos at 10:00-11:00 h on day 3; compacted morulae at 06:00-07:00 h on day 4; early blastocysts at 09:00-10:00 h on day 4 and blastocysts at 11:00-12:00 h on day 4. Recovery of embryos was performed as described by Hammond (1949 
Vitrification of embryos
Mouse embryos were either exposed at 25°C to one of the three VS for 1-3 min (one-to eight-cell embryos and blasto¬ cysts were exposed for 1 min; early blastocysts for 2 min; morulae for 3 min) or vitrified with VSl, VSll or VS14. These durations were selected after toxicity studies (Ali, 1992) showed that at 25°C one-to eight-cell embryos were affected by quite brief exposure to VSll. Two-cell embryos showed toxic effects after even 1 min of exposure and blastocysts showed slight toxic effects after 5 min, whereas morulae were more tolerant. Embryos to be vitrified were exposed to the vitrification solution as described above and within this period the embryos were loaded into 0.25 ml plastic insemination straws (I.M.V., L'Aigle). (86) 100 (68) 97 (69) 93 (76) 100 (35) 100 (35) 97 (36) 93 (86) 95 (84) 95 (86) 100 (58) 100 (58) 96 (56) 100 (39) 97 (38) 97 (38) 80 (49) 80 (51) 88 (58) 100 (42) 100 (42) 93 (45) 98 (48) 100 (48) 98 (48) 87 (39) 37 (38) (56) 75 (57)b 91 (57) 90 (69) 97 (69) 87 (55) 83 (24) 0 (24) 0 (24) 96 (27) 41 (27) (33) 86 (51) 12 (51)d 0 (53) 86 (51) 42 (52) (30) 91 (22) 86 (22) 0 (22) 91 (23) 96 (23) 92 (24 Summary of statistical analysis: (i) Total number of implantations: VSl with sucrose was significantly better than VSl without sucrose (P < 0.05); VSll with sucrose was significantly better than VSll without sucrose (P < 0.001); VSll was significantly better than VSl (P < 0.001); VSll was significantly better than controls (P < 0.05); VSll with sucrose dilution was significantly better than controls (P < 0.005); and control early blastocysts were significantly better than morulae (P < 0.05). (¡i) Number of live fetuses: VSl + VSll with sucrose dilution was significantly better than VSl + VSll without sucrose dilution (P < 0.0001); controls were significantly better than VSl without sucrose dilution (P < 0.005); controls were significantly better than VSl 1 without sucrose dilution (P < 0.01); and early blastocysts were significantly better than blastocysts (P < 0.005) and morulae (P < 0.01) There are two components of cryoprotectant toxicity: chemi¬ cal toxicity and toxicity due to osmotic stress. Ali (1992) found that of the permeating cryoprotectants present in the VS that were tested here, glycerol is the more toxic. It is present at 2.5, 1.8 and Omol 1 in VSl, VSll and VSl4, respectively, that is, in the same descending order as the toxicity of the VS. Although toxicity studies suggested that these molarities of glycerol are not toxic to embryos exposed for a brief time, it is possible that toxicity is enhanced under conditions of vitrifi¬ cation. Furthermore, the marginal increase in toxicity of the VS resulting from increasing concentrations of glycerol may be critical for the embryos at less tolerant developmental stages. An additional factor contributing to the decreased survival of early preimplantation stages of embryos with increasing glycerol content of the VS may be the lower permeability coefficient of these stages to glycerol (Mazur et al, 1976 
